Background: Schizophrenia is an important cognitive disorder having a prevalence rate 1.5% constant in the population. Treating schizophrenia is a challenge and optimally safer drugs are under exploration. Evaluating sex steroids as the 'biological resources' for the treatment of schizophrenia remains a continuous process since decades. A large number of epidemiological studies on schizophrenia have shown that females develop the illness later than males, usually have better course and response to the treatment. As females possess abundant natural 'estrogen', compared to males, it has been anticipated that estrogen may have some antipsychotic influence in the female brain, which is possibly one of the biological reasons behind such gender differences. Further, animal studies have confirmed that estrogen is a potent dopamine and serotonin receptor blocker alike atypical neuroleptics (e.g. Risperidone), and also a neuroprotective hormone.
BACKGROUND:

COGNITION DEFICITS IN SCHIZOPHRENIA:
Literature survey observes primary cognition failure and poor cognitive outcome in the negative symptom, positive symptom and disorganized schizophrenia 1 , 2 , 3 , 4 . Elaborating further, the association of visual motor processing dysfunction shows a closer association in case of 'negative and disorganized schizophrenia' than the positive symptoms while the language disorders, verbal memory, and time controlled performance deficits are typically observed in 'disorganized schizophrenia' 1 . On the other hand, poor attention (specially auditory type) due to the prefrontal cortex hypo function has been observed more with the 'positive-symptom-schizophrenia' 2 .
COGNITION DEFICITS IN GYNECOLOGY AND OBSTETRICS:
Apart from the psychiatric field, cognition deficits are also known features in the area of Gynecology and Obstetrics.
Among many such noted disorders, Pre Menstrual Syndrome is associated predominantly with the decline in the working memory and mood fluctuations 5 , Postmenopausal Syndrome is largely associated with decreased adaptability and vigilance 6 , and Puerperal Psychosis shows several cognitive disorders (e.g. aggression, loss of memory, speech disorders.) and even may sometimes lead to the emergence of schizophrenia 7 .
Studies have shown that estrogen supplementation in these estrogen-withdrawn-psychoses relieve the disease load at a considerable extent 8 , 9 .
MALE-FEMALE HETEROGENEITY IN SCHIZOPHRENIA (THE ENTRY OF ESTROGEN HYPOTHESIS):
Onset and symptomatic variations, morbid differences, treatment responses and social outcomes between male and female schizophrenics are known issues. Most of the studies of the last two decades have shown that males have earlier age at onset than females 10 , 11 . On the other hand, females develop the illness at particular periods of their lifetime when the serum estrogen level is low 12 , 13 . A large number of studies have also revealed that male babies are more vulnerable for developing schizophrenia in the later life than female babies despite being equally exposed to birth-related vulnerabilities 14 , though few studies have shown contrasting pictures. Therefore researchers paid attention to evaluate if there was any chance that estrogen might have some roles behind such heterogeneity. They also hypothesized that biological sex bias in schizophrenia could have been originated from estrogen (The testable estrogen hypothesis).
THE LINK AMONG DOPAMINE, SEROTONIN AND ESTROGEN HYPOTHESIS OF SCHIZOPHRENIA:
Excessive discharges of mesolimbic and mesocortical dopaminergic neurons, alone, or in conjunction with serotonergic discharges influence the mood, memory etc, grossly distorted in schizophrenia 15 . Therefore it could be postulated that estrogen could have some influencing role in those neurotransmitters in the brain.
2.AIM:
The aims of this review study are as follows:
A. Critical evaluation of how estrogen plays its role in the brain, and B. Proposing dual studies (clinical and neuroimaging) to evaluate the beneficial role of estrogen in the schizophrenic female population.
METHOD AND MATERIAL:
The present article is a Meta analysis of the relevant literature, available in the Medscape, MEDLINE, PubMed, PsycINFO in the World Wide Web. The present article thus includes animal studies as the principal source of how estrogen works in the brain at the backdrop of schizophrenia. This is because the mechanistic models of animal studies are useful to evaluate the underlying pathophysiological mechanisms of the human brain 16 . It has, otherwise included other studies, including reviews and empirical studies on human beings related to the estrogen hypothesis for further corroborations.
HOW ESTROGEN ACTS IN THE BRAIN:
A. ON THE DOPAMINE SYSTEM:
Sex steroids control the behavioral and movement patterns of animals and humans by manipulating dopaminergic systems in the hypothalamus and extra-hypothalamic regions of the brain 17 . Among sex steroids, estrogen has been studied extensively revealing that it modulates behavioral patterns usually through the basal ganglia, which are rich in dopaminergic neurotransmission 17 . This postulation has indirectly been supported by the fact that ovariectomy causes fall of striatal D 1 and D 2 densities and moreover estradiol replacement revives D 2 and not D 1 18 . Striatum controls mood, memory and olfaction. To further support the postulation, studies have shown that estradiol reduces the dopamine receptor affinity to Sulpiride (a potent D 2 receptor blocker) 2.8 times and thus modifies dopamine agonist-and antagonist-induced behavior-pattern more clearly in neonatal than adult rats 19 , 20 , 21 . Studies also have revealed that high concentration of follicule stimulating hormone in the pituitary gland of the female foetus between 12 and 20 weeks of gestation matches the time of the maximum organizational effects of gonadal steroids in the foetal brain (i.e. 14-16 weeks of gestation) 22 . This organizational process facilitates the establishment of the primary neuronal connections, necessary myelinization and lateralization of brain function 22 . Possibly due to the higher susceptibility to estrogenic manipulation during the primary organizational process in the brain, neonatal rats might show a clearer dopamine-agonist-antagonist behavior pattern, although further studies are essential to corroborate the proposition that estrogen modulates the fetal brain better that the adult.
More over, estrogen has a restorative effect on the tyrosine hydroxylase enzyme system (a rate-limiting enzyme for dopamine synthesis) in the prefrontal cortex (related to mood, memory, cognition and socialization). Such revival is better when estrogen is combined with progesterone 23 .
B. ON SEROTONIN SYSTEM:
Apart from modulating the dopaminergic system in the brain, estrogen has a significant influence on serotonin (5-HT) receptors (especially 5-HT 1A AND 5-HT 2A ) too. A series of animal studies have observed that estrogen accentuates the 5-HT 2A receptor-binding sites and receptor densities in the cingulate area, anterior frontal cortex, primary olfactory cortex and nucleus accumbens, which are related to the expression of emotion, mood, cognition and olfaction 24 , 25 , 26 . Regarding possible estrogenic manipulation of other types of serotonin receptors, it is observed that estrogen plays an important role in controlling 5-HT 1A receptor mRNA levels in the brain. Using radioligand and radiographic studies using selective 5-HT 1A receptor antagonist [(3)H] WAY-100635, a study has showed that estradiol binds to 5-HT 1A receptors in the limbic area and influences its function with regard to memory, cognition, learning, emotion projection and social behavior 27 .
HOW TESTOSTERONE ACTS IN THE BRAIN (INDIRECT EFFECTS OF ESTROGEN):
Inquisitiveness regarding the role of male gonadal hormones in the brain, many studies nullified the possibility of any direct role of testosterone on the cerebral neurotransmitter system 19 , 20 , 21 . A few studies observed that testosterone could be another manipulator, provided it is converted to estrogen by the aromataze enzyme in the brain 26 , 28 . It has been further corroborated by the observation that 5-alfadihydrotestosterone, a more potent male hormone than testosterone, could not play any neurotransmittermodulating-role, as it could not be converted to estrogen by this enzyme in the brain 26 , 28 .
OTHER IMPORTANT FINDINGS:
The most important among the other observed findings are: 1) Estrogen prevents several neurodegeneratory processes in the brain by virtue of its nuclear-receptor-mediatedalteration of the estrogen-receptor-gene-expression that optimally programs the rate of neuronal apoptosis and thereby preventing the axonal degeneration. By this mechanism estrogen renders a generalized support to the neuronal system in the brain 29 ,
2) Level of serum estrogen has got a strong correlation with the cognitive function especially global cognition, verbal, spatial deceleration memory and perceptual motor speed 30 , 3) Higher estrogen levels in female schizophrenics are associated with the better cognitive ability 30 and this view tantalizes us to evaluate estrogen as a novel antipsychotic agent against schizophrenia. Though further studies are needed to confirm this. 4) Estrogen can be supplemented in the menopausal (especially surgically induced) cognitive disorders and depression, postpartum depression, and in post-menopausal schizophrenic females 31 .
RESULT:
THE PROPOSED MODEL (ROLE OF ESTROGEN IN CEREBRAL NEUROTRANSMITTERS):
The article proposes a model for detail understanding of the estrogenic modulation of the dopamine and serotonin neurotransmitters in the brain as follows (Model 1).
Figure 1
Model 1: The proposed model (Role of estrogen in cerebral neurotransmitters)-contd.
CONCLUSION:
Despite of some light of hope regarding the possible use of estrogen as a novel antipsychotic in schizophrenic females, the present article has got its own limitations, as follows:
The article has excluded a few studies those are 1.
anomalous with the estrogen hypothesis,
No studies have been included showing the roles of 2.
estrogen on other metanephrines, related to schizophrenia, and
The study is unable to provide the 'detail 3. biomolecular mechanisms' how estrogen could reduce the different types of cognitive symptoms in schizophrenia paradigms (positive, negative and disorganized).
There are heterogeneous views regarding the 4.
benevolence of estrogen in the females. For example, it is also not clear why the dopamineblocking effect of estrogen only lessens the symptom load in schizophrenics and not in manic patients22. Thus, dilemmas are prevalent and estrogen hypothesis needs to be further clarified.
As the dosages are yet to be measured and matched 5.
against the impending life threatening risks (e.g. Endometrial and Breast cancers, especially), choosing estrogen itself is sometimes not very much encouraging. It emphasizes a multidisciplinary approach (Psychiatry, Gynecology and Obstetrics, and Sono oncologists).
Despite such hurdles, the present article has a dual research proposal to test estrogen as a novel antipsychotic drug in schizophrenia, which are as follows:
Clinical trials could be done with oral or transdermal estrogen (17-beta-estradiol preparations, because it is most potent among the natural estrogens, available) as an adjunctive on a sample of drug-naïve first-episode schizophrenic females with strict vigilance to the estrogenrelated dangers, mentioned before. 
